Background: Nonalcoholic steatohepatitis (NASH) is associated with increased cardiovascular risk and mortality. No US Food and Drug Administration (FDA) approved therapies for NASH are available; clinical trials to date have not yet systematically assessed for changes in cardiovascular risk. This study examines the prospective utility of cardiovascular risk assessments, the Framingham risk score (FRS) and coronary artery calcium (CAC) score, as endpoints in a NASH randomized clinical trial, and assesses whether histologic improvements lead to lower cardiovascular risk. Methods: Secondary analysis of a 24-week randomized, double-blind, placebo-controlled trial (MOZART) in which 50 biopsy-proven NASH patients received oral ezetimibe 10 mg daily (n = 25) versus placebo (n = 25). Biochemical profiling, FRS, CAC scores, liver biopsies were obtained at baseline and endpoint. Results: Ezetimibe improved FRS whereas placebo did not (4.4 ± 6.2 to 2.9 ± 4.8, p = 0.038; 3.0 ± 4.4 to 2.9 ± 4.2, p = 0.794). CAC scores did not change with ezetimibe or placebo (180.4 ± 577.2 to 194.1 ± 623.9, p = 0.293; 151.4 ± 448.9 to 183.3 ± 555.7, p = 0.256). Ezetimibe improved FRS and CAC scores in more patients than placebo (48% versus 23%, p = 0.079, and 21% versus 0%, p = 0.090, respectively), though not significantly. No differences were noted in cardiovascular risk scores among histologic responders versus nonresponders. Conclusions: Ezetimibe improved FRS whereas placebo did not. FRS and CAC scores improved in a greater proportion of patients with ezetimibe; this trend did not reach significance. These findings indicate the utility and feasibility of monitoring cardiovascular risk in a NASH trial. The utility of CAC scores may be higher in trials of longer duration (⩾52 weeks) and with older patients (age ⩾45). ClinicalTrials.gov registration: NCT01766713.
Introduction
Nonalcoholic steatohepatitis (NASH) is the more progressive form of nonalcoholic fatty liver disease (NAFLD) [Chalasani et al. 2012] . It is associated with increased cardiovascular risk [Gastaldelli et al. 2009; Williams et al. 2011; Kim et al. 2012; Fargion et al. 2014; Vanwagner et al. 2014] , which is the most common cause of death in individuals with NASH [Lincoff et al. 2007; Targher et al. 2010; Chalasani et al. 2012] . Currently, there are no US Food and Drug Administration (FDA) approved therapies available for NASH [Sanyal et al. 2010; Chalasani et al. 2012 ]. Numerous agents have been investigated in clinical trials including vitamin E, pioglitazone, colesevelam, ezetimibe and obeticholic acid, all aimed at targeting various aspects of NASH pathogenesis [Sanyal et al. 2010; Chalasani et al. 2012; Farrell et al. 2012; Le et al. 2012; Zarrinpar and Loomba, 2012; Neuschwander-Tetri et al. 2014; Loomba et al. 2015b ].
Current NAFLD practice guidelines recommend the use of vitamin E or pioglitazone for the treatment of NASH [Chalasani et al. 2012 ]. However, these therapies have been linked to worsened cardiovascular risk during treatment. Vitamin E is associated with an increased risk of hemorrhagic stroke [Schurks et al. 2010 ] and heart failure in diabetic patients [Lonn et al. 2005] , and rosiglitazone is associated with an increased risk of myocardial infarction, heart failure and cardiovascular-related death . Recently, the FLINT trial showed that obeticholic acid, a farnesoid X receptor ligand, improved histologic features of NASH. However, obeticholic acid also increased total cholesterol and low-density lipoprotein (LDL), and moderately decreased high-density lipoprotein (HDL) [Neuschwander-Tetri et al. 2014] . Moreover, cardiovascular risk was not formally assessed in FLINT. Thus, the clinical relevance of these lipid changes is unclear. It is therefore essential that cardiovascular risk be monitored in NASH clinical trials for risk neutrality or, ideally, risk reduction, as recommended in a recently published joint FDA-American Association for the Study of Liver Diseases (AASLD) symposium report on NASH clinical trial design [Sanyal et al. 2015 ].
However, no previous NASH trials have yet to systematically and prospectively assess cardiovascular risk assessments of therapies investigated in NASH trials [Corey et al. 2014; Neuschwander-Tetri et al. 2014; Tziomalos, 2014] . Ezetimibe, a gut luminal cholesterol absorption inhibitor that binds to and disrupts the Niemann-Pick C1-like 1 (NPC1L1) transporter, has been compared with placebo for the treatment of NASH in the MOZART randomized clinical trial (Magnetic resOnance imaging and elastography in eZetimibe versus placebo for the Assessment of Response to Treatment in NASH) [Loomba et al. 2015b ]. This secondary analysis of the MOZART trial aims to: (1) examine the utility of cardiovascular risk assessment scores, including the Framingham risk score (FRS) and the coronary artery calcium (CAC) score, as secondary endpoints in a NASH randomized clinical trial; and (2) to assess whether histologic improvements in NASH lead to reduced cardiovascular risk.
Materials and methods

Study design and patients
This is a secondary analysis of a randomized clinical trial of 50 adult patients with biopsy-proven NASH. As such, data used for this study were obtained from the MOZART trial. The cardiovascular endpoints were changes in FRS and CAC scores between the beginning (week 0) and the completion of the trial (week 24). Histologic responders in this trial, defined as a decrease of ⩾2 points on NAFLD activity score (defined below), were also examined for changes in cardiovascular risk as assessed by these two scores.
The original MOZART trial study design and population is described elsewhere in detail [Loomba et al. 2015b ]. Briefly, this randomized, double-blind, placebo-controlled clinical trial was designed to assess the efficacy of oral ezetimibe at 10 mg daily versus placebo over a 24 week period for the treatment of NASH. Patients first underwent clinical evaluation that included a detailed physical examination, clinical and biochemical evaluation, baseline magnetic resonance imaging proton density fat fraction (MRI-PDFF) and liver biopsy (see Supplemental Methods). The screening process also included an alcohol history assessment by completing both the Alcohol Use Disorders Identification Test (AUDIT) and Skinner Lifetime Drinking questionnaires. The study was conducted in accordance with the Consolidated Standards of Reporting Trials (CONSORT) Guidelines [Loomba et al. 2015b ].
Details of study population, inclusion and exclusion criteria, baseline and clinical assessments, and the liver biopsy protocol are available as Supplementary Methods.
Cardiovascular risk scores
The FRS estimates the 10-year cardiovascular disease risk in an individual. It comprises age, sex, total cholesterol, HDL, systolic blood pressure, smoking status, and whether the individual is on treatment for blood pressure [Eichler et al. 2007 ]. Scores were calculated at week 0 and week 24 of the study by hand using a score sheet derived from the Adult Treatment Panel III (ATP III) guidelines [National Cholesterol Education Program Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults, 2002] . The CAC scores of each patient were derived from a noncontrast computerized tomography (CT) scan of the thorax that combines the atherosclerotic burdens of the coronary arteries into a single score [McEvoy et al. 2010] . CT scans were also obtained at week 0 and 24.
The rationale for using the FRS is that it is readily available and well-studied, and has been validated in patients with fatty liver disease [Treeprasertsuk et al. 2012 ]. The CAC score was used because it has been found to be associated with fatty liver independent of visceral adiposity [Kim et al. 2012] and has been used in various clinical trials evaluating the effect of lipid-lowering therapy on atherosclerosis. Furthermore, it is a strong predictor of incident coronary heart disease across racial and ethnic groups [Detrano et al. 2008] . When CAC scores are used in conjunction with FRS, it provides the most robust improvement in risk prediction when compared with other combinations of cardiovascular risk assessment scores [Yeboah et al. 2012] .
Coronary artery calcium assessment protocol CAC images were obtained through noncontrast prospective electrocardiogram triggered volumetric CT of the heart utilizing a 320-slice scanner (Aquilion One, Toshiba Medical Systems, Otawara, Japan). No beta-blockers or nitroglycerin were administered. Scans were performed during a breathhold at the end of inspiration and the scan range extended from the carina to below the level of the heart. The collimation was 320 mm × 0.5 mm with field of view of 220 mm. Scans were performed using 120 kVp. The tube current was determined using Sure Exp. 3D software with a minimum of 40 mA, maximum of 580 mA (±10 for prospective, ±33 for retrospective scans). Rotation time was 0.35 s.
For image analysis, 3 mm axial slices were reconstructed using a filter convolution of 5. CAC scores were calculated using the Agatston method by a fellowship-trained cardiac radiologist (S.B.) using commercial postprocessing software (Vital Images, Inc., Minnetonka, MN). Criteria for the Agatston method has been described previously [Agatston et al. 1990 ]. Briefly, calcified plaques measuring ⩾130 Hounsfield units along the course of the coronary arteries with area of at least 3 voxels in the axial plane were included in the measurement. The area of each plaque found in the left main, left anterior descending, circumflex and right coronary arteries is multiplied by an intensity index to yield the Agatston score. A score of 0 is a normal artery; 100 confers mild calcification, while 300 or higher is considered high-risk atherosclerosis [McEvoy et al. 2010; Polonsky et al. 2014] .
Statistical analysis
The two-tailed t-test was used for comparison of means for continuous variables across various groups in the study (paired within the ezetimibe and placebo arms, unpaired across the treatment arms). The Wilcoxon-Mann-Whitney test was performed on all non-normally distributed continuous variables. The Fisher's exact or chi-square (χ 2 ) tests were used for comparisons between categorical variables, as appropriate. All statistical analyses were performed using SAS version 9.3 (SAS Inc., Cary, NC) and Excel (Microsoft Corp., Redmond, WA) software. All p values ⩽0.05 were considered statistically significant.
Results
Baseline demographic, biochemical and cardiovascular risk scores
A total of 50 patients with biopsy-confirmed NASH were included in this secondary analysis of the MOZART trial, with 25 patients in each of the ezetimibe and placebo arms. The baseline demographic, biochemical, histologic and imaging characteristics of the study patients have been published previously [Loomba et al. 2015b ]. Baseline cardiovascular risk scores are shown in Table 1 . The mean FRS in the ezetimibe and placebo arm were 4.1 ± 6.0 and 2.9 ± 4.1 (p = 0.4375), respectively. In the ezetimibe and placebo arms, mean CAC scores were 131.9 ± 484.0 and 127.3 ± 393.0 (p = 0.9739), respectively. No significant difference was noted in the distribution of cardiovascular risk scores in either treatment arms. At baseline, the mean CAC score under the age of 45 was 0.3 ( Figure 1 ). Between the ages of 45 and 54, the mean CAC score was 9.2; between the ages of 55 and 64, the mean CAC score was 213.1 and those aged 65 or older had mean CAC scores of 412.5.
Cardiovascular risk assessment changes FRS between ezetimibe versus placebo.
During the 24 weeks of treatment of NASH, those treated with ezetimibe (n = 23) had improvements in mean FRS (4.4 ± 6.2 to 2.9 ± 4.8, p = 0.0383) (Figure 2a ). Those treated with placebo did not have improvements in mean FRS (3.0 ± 4.4 to 2.9 ± 4.2, p = 0.7944). The mean difference between the ezetimibe and placebo arms was −0.79 ± 2.6 (p = 0.0759). 
CAC scores between ezetimibe versus placebo.
Mean CAC scores increased in the ezetimibe arm (n = 14) from 180.4 ± 577.2 to 194.1 ± 623.9, but this was not significant (p = 0.2928). Similarly, patients in the placebo arm also had an increase in mean CAC scores from 151.4 ± 448.9 to 183.3 ± 555.7, though this was also not statistically significant (p = 0.2560) (Figure 2b ; Figure 3 ). The mean difference between the two treatment arms was 23.4 ± 84.2, p = 0.5507.
Histologic responders and cardiovascular risk scores
Among the pooled histologic responders (improvement of ⩾2 points on the NAFLD activity score) in the MOZART trial, 30% of patients had improvements in FRS (n = 10) versus 35% in nonresponders (n = 23); this was not statistically significant (Fisher's p = 1.000). Compared with nonresponders, 20% of responders had decreases in CAC scores (n = 5) versus 11% in nonresponders (n = 18); this was also not a statistically significant association (Fisher's p = 0.539).
Qualitative changes in cardiovascular risk scores
A greater proportion of patients treated with ezetimibe versus placebo had improved FRS (48%, n = 23, versus 23%, n = 22), though this trend did not reach significance (chi-squared p = 0.079) ( Figure 4 ). Additionally, a higher proportion of patients treated with ezetimibe (n = 14) had improvements in CAC scores versus placebo (n = 16), though this trend also did not reach significance (21% versus 0%, Fisher's p = 0.090).
Discussion
In this secondary analysis of the MOZART trial, we demonstrate the utility and feasibility of two cardiovascular risk assessments, the FRS and CAC scores, as additional endpoints for monitoring cardiovascular risk in a NASH clinical trial. This is the first NASH clinical trial, to our knowledge, that systematically and prospectively follows cardiovascular risk assessments longitudinally. Our data suggest that ezetimibe improved the FRS whereas placebo did not. Both ezetimibe and placebo did not improve CAC scores. Qualitatively, ezetimibe improved FRS At baseline, the mean CAC scores by age groups are as follows: 18-24, 0 (n = 4); 25-34, 0.3 (n = 3); 35-44, 0 (n = 9); 45-54, 9.2 (n = 12); 55-64, 213.1 (n = 9); ages ⩾65, 412.5 (n = 8). (a) Over 24 weeks of treatment for nonalcoholic steatohepatitis (NASH), ezetimibe (n = 23) improved mean FRS from 4.4 ± 6.2 to 2.9 ± 4.8, p = 0.0383, while no change was observed with placebo (n = 22, 3.0 ± 4.4 to 2.9 ± 4.2, p = 0.7944). The mean difference of FRS between the ezetimibe and placebo arms was −0.79 ± 2.6 (p = 0.0759). (b) In the ezetimibe arm (n = 14), mean CAC scores changed from 180.4 ± 577.2 to 194.1 ± 623.9, p = 0.2928. In the placebo arm (n = 16), mean CAC scores changed from 151.4 ± 448.9 to 183.3 ± 555.7, p = 0.2560. However, these changes were not statistically significant. The mean difference of CAC scores between the two treatment arms was 23.4 ± 84.2, p = 0.5507. and CAC scores in a greater proportion of patients than placebo, but this trend did not reach statistical significance. No proportional differences in changes of either risk scores were found between histologic responders versus nonresponders. These trends and changes in cardiovascular endpoints provide base case estimates as well as placebo arm data that will be critical for sample size estimation to help design future NASH trials utilizing these risk scores.
Interpreting changes of cardiovascular risk scores
The improvements in FRS seen in the ezetimibe arm most likely reflect the risk calculation taking into consideration total cholesterol and HDL. Indeed, in the MOZART trial, the mean change of total cholesterol of the ezetimibe arm was a 30 mg/dl reduction [Loomba et al. 2015b] , which translates as a 1-2% decrease in FRS [National Cholesterol Education Program Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults, 2002] . This is reflected in our findings of a mean improvement of 1.5% within the ezetimibe arm. During this 24-week trial, we also found no significant difference in changes of CAC scores between ezetimibe and placebo. The interpretation of an unchanged mean CAC score in the treatment arm can be challenging, especially given the isolated benefit of ezetimibe on improving total cholesterol and LDL. However, unchanged CAC scores in both treatment arms indicates that the tested therapy (ezetimibe) is at least, from a coronary cardiovascular risk perspective, risk neutral -a recommendation set forth recently by the FDA-AASLD symposium on tested therapies in a NASH trial [Sanyal et al. 2015] . Thus, the lack of progression of atherosclerosis during a NASH trial through monitoring of CAC scores may have utility with regards to assessing pharmacologic safety (i.e. treatment does not rapidly accelerate atherosclerosis). Improvements in CAC scores, nonetheless, would be the more desirable endpoint.
Histologic response and cardiovascular risk scores. When comparing histologic responders (those with improvements of ⩾2 points on the NAFLD activity score after 24 weeks of ezetimibe) to nonresponders, there was no difference observed between the proportions of patients with improved FRS or CAC scores. This lack of change in cardiovascular endpoints between responders and nonresponders may be inherent The green shaded areas denote the presence of coronary calcification in the left anterior descending (LAD) coronary artery before (a) and after (b) treatment with ezetimibe for 24 weeks. The green outline indicates the area drawn by the radiologist for the computer software to calculate the Agatston score for the LAD, which is added to the Agatston score of the other coronary arteries for a composite coronary artery calcium score. Note that the patient is slightly rotated during the second imaging session. Among 23 patients treated with ezetimibe, 11 (48%) had improved Framingham risk score (FRS), versus 5 of 22 patients (23%) in the placebo arm (chi-squared p value = 0.079). Coronary artery calcium (CAC) scores also improved in 3 of 14 patients (21%) in the ezetimibe arm, versus 0 of 16 (0%) in the placebo arm, though this was not a significant difference (Fisher's p value = 0.090).
to the investigational drug ezetimibe, suggesting that improving cardiovascular risk may involve more than just decreasing luminal cholesterol absorption and lowering of serum LDL levels.
Context of findings in literature
The monitoring of cardiovascular risk in the treatment of NASH is important due to cardiovascular disease being the most common cause of death in this population [Lincoff et al. 2007; Gastaldelli et al. 2009; Targher et al. 2010; Kim et al. 2012] . Recent studies of potential NASH treatments show significant variations in lipid profile changes and histologic response, but the cardiovascular significance of these findings is unknown. For example, colesevelam, a bile acid sequesterant, lowers LDL compared with placebo in the absence of histologic response [Le et al. 2012] . In a phase II trial, eicosapentanoic acid (EPA-E), a synthetic polyunsaturated fatty acid, showed reductions in triglycerides over placebo, also without significant effect on histologic features ]. In the FLINT trial, a 72-week study conducted by the NASH Clinical Research Network (CRN), obeticholic acid improved histologic features of NASH but this accompanied an increase in total cholesterol and LDL, and a moderate decrease in HDL [Neuschwander-Tetri et al. 2014 ]. These findings raise concerns regarding the safety profile of new potential therapeutics on cardiovascular outcomes, emphasizing the need to monitor cardiovascular endpoints.
To our knowledge, this study is the first to prospectively follow FRS, which we have shown to reflect lipid profile changes longitudinally. CAC scores have been used in studies investigating statins [Callister et al. 1998; Schmermund et al. 2006 ], lifestyle modification [Lehmann et al. 2011] , the role family history [Pandey et al. 2014] and ethnicity [Detrano et al. 2008] , as well as in assessing risk in individuals with low FRS [Okwuosa et al. 2012 ]. However, CAC scores have not yet been utilized in a NASH trial. Current American College of Cardiology (ACC)/ American Heart Association (AHA) guidelines indicate use of CAC scores as Class IIb, for when even after quantitative risk assessment (i.e. FRS) the exact cardiovascular risk is still uncertain [Andrus and Lacaille, 2014] . The combined use of CAC scores with FRS has been shown to provide significant improvements in cardiovascular risk prediction [Yeboah et al. 2012] . Thus, the proof-of-concept MOZART trial provides data to support the use of FRS and CAC scores in this setting.
Other modalities of assessing cardiovascular risk in NASH
The phenotypic manifestations of fatty liver and cardiovascular risk vary, and include serologic (e.g. cholesterol, insulin resistance, glycemic control) and physical properties (e.g. anthropometrics, vascular characteristics, quantification of liver and epicardial fat). Thus, cardiovascular risk assessments in NASH should reflect these measures. The numerous potential therapies tested for the treatment of NASH often augment a patient's cholesterol profile; thus, a single risk assessment (i.e. FRS) should be supplemented by an additional form of assessment, such as an imaging modality, to assess risk differently and in a way not directly impacted by pharmacologic intervention.
This study employs the first use of CAC scores in a NASH trial to assess atherosclerotic changes. While no changes were observed between the treatment arms, our results suggest that ezetimibe does not accelerate or worsen cardiovascular risk. The findings also suggest that CAC scores may be more appropriate for use at longer intervals, such as every 1-7 years [Callister et al. 1998; Schmermund et al. 2006; McEvoy et al. 2010; Lehmann et al. 2011] , and useful in a cohort of older patients over the age of 45. Furthermore, there may be a role for CAC scores in assessing long-term, longitudinal cardiovascular risk among patients with NASH [Kim et al. 2012; Budoff et al. 2013] . Other imaging modalities to assess cardiovascular risk, such as cardiac MRI or quantitative ultrasound [Lin et al. 2014 ] to quantify hepatic steatosis, which has been associated with cardiovascular disease [Arulanandan et al. 2015] , may be utilized in future trials. Measures of vascular and endothelial dysfunction, such as the ankle-brachial index, measures of flow-mediated dilation and carotid intima-media thickness [Sookoian and Pirola, 2008; Kozakova et al. 2012] , may be potential cardiovascular endpoints in future NASH trials. The use and limitations of these other modalities in a prospective NASH trial, however, is currently unknown.
Strengths and limitations. One strength of this study is that it is analysis based on a randomized, allocation-concealed, double-blind and placebocontrolled study design of the MOZART trial. This study also has assessments of cardiovascular risk designed into the protocol, suggesting the feasibility of FRS and CAC score assessments in NASH trials. Additionally, two types of cardiovascular risk assessments are used to capture risk based on different components of a patient's phenotype, such as anthropometric and biochemical profile, as well as imaging characteristics, thus providing a more comprehensive assessment of cardiovascular risk. Histologic changes also provide an additional comparison against cardiovascular endpoints.
One important limitation of our study is that, while our data shows movement of the cardiovascular risk scores, the small sample size provides insufficient power to reach significance. However, this provides sample size estimation for future NASH trials. Furthermore, each of the risk scores has shortcomings. The FRS reflects changes in lipid profile; thus, its sole use in a NASH trial with an agent that primarily improves cholesterol may not provide a comprehensive assessment of risk. Additionally, it does not consider elements of ethnicity or family history, in light of emerging evidence for the heritability of hepatic steatosis and fibrosis [Schwimmer et al. 2009; Loomba et al. 2010 Loomba et al. , 2015a . CAC assessments also have limitations. We demonstrate that coronary calcium is rare among individuals with NASH under the age of 45, which is of similar distribution in individuals without NASH [Polonsky et al. 2014] ; thus, its use may be limited to trials with an older age group and is of no use in pediatric NASH trials. An additional limitation is the short duration of this trial, which has two important implications. Firstly, important improvements in CAC scores that may have occurred at 1 year, for example, may not be observed in this 24-week period. Secondly, the utility of CAC assessments may be more applicable to trials of longer durations, those greater than 24 weeks.
Conclusion
This proof-of-concept study demonstrates the feasibility and utility of the FRS and CAC score as secondary endpoints for monitoring cardiovascular risk in a NASH trial. CAC scores can be used to assess atherosclerotic safety of a tested NASH therapy, and have further potential in longer duration trials and in cohorts of patients over age 45. Future studies may include prospective designs that follow patients and their cardiovascular risks during and beyond NASH trials. Other cardiovascular risk assessment modalities may be tested and be compared prospectively against cardiovascular mortality endpoints. With the inclusion of these risk scores in NASH trials, potential therapies can be monitored for risk reduction or, at the very least, risk neutrality.
